Abstract Differentiated thyroid cancer (DTC) is a common endocrine tumor with increasing incidence and excellent prognosis. The therapy of thyroid cancer consists of thyroidectomy, thyroid hormone treatment and, depending on pathological stage, adjuvant radioactive iodine ablation (RIA). Because of the excellent outcome of DTC and the potential cancerous effect of iodine-131, in the last years there has been a huge number of articles addressing the issue of the incidence of second tumors in DTC patients. We will make a short critical review of some of these articles focusing on results reporting and interpretation. Methodological factors that may affect the obtained results will be highlighted for the benefit of the reader so that the risk associated to iodine-131 exposure will be balanced to the risk associated to other risk factors, including enhanced medical surveillance, shared genetic variability and environment factors and proper methodological study design. The review is finally a call to physicians involved in the therapy of these patients, primarily nuclear medicine physicians, endocrinologists and surgeons, to join their complimentary skill for the therapy of these patients.
hyroid cancer is the most commonly diagnosed endocrine tumor and the incidence in thyroid cancer is rising throughout the world [1, 2] . The therapy of thyroid cancer consists of thyroidectomy, thyroid hormone treatment and, depending on pathological stage, postsurgical radioactive iodine ablation (RIA). Because of the excellent prognosis of differentiated thyroid cancer (DTC) and the fact that radiation exposure represents a risk factor for many other cancers, in the last years there has been an exponential attention to the possible association between RIA and second malignancies in thyroid cancer patients [1] [2] [3] [4] [5] [6] [7] [8] [9] .
The topic is of much interest to the nuclear medicine community as well as to the medical community in general, primarily to endocrinologists that in many realities contribute with their nuclear medicine colleagues to the diagnosis and treatment of such patients. In this commentary, we would like to briefly critically review the results of some of the more recent studies and expose our personal perspective. Several studies, comprehensive reviews and at least three meta-analyses on the association between RIA and second cancers have been published in the last years [1] [2] [3] [4] [5] [6] [7] [8] [9] . To express our consideration we will select some representative papers of these.
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Sawka et al. [2] performed a systematic review and a meta-analysis, which included two multi-center studies, one from Europe [10] and one from North America [6] , with a total sample size of 16,502 individuals. The relative risk of second primary malignancies in thyroid cancer survivors treated with RIA was significantly increased at 1.19 (95% confidence interval: 1.04-1.36) relative to thyroid cancer survivors not treated with RIA, using a minimum latency period of 2 to 3 years after thyroid cancer diagnosis.
The relative risk of leukemia was also significantly increased in thyroid cancer survivors treated with RIA, with a relative risk sizably and equal to 2.5 (95% confidence interval: 1.13-5.53). The authors did not observe a significantly increased risk of many other cancers: bladder, breast, central nervous system, colon and rectum, digestive tract, stomach, pancreas, kidney (and renal pelvis), lung, or melanoma of skin.
They concluded that the risk of secondary tumors in thyroid cancer survivors treated with RIA is slightly Giovacchini and Leoncini increased compared to thyroid cancer survivors not treated with RIA [2] .
Clemens et al. performed a systemic review of the literature to examine the risk of intermediate and long-term adverse effects of iodine-131 therapy in differentiated thyroid cancer patients [1] . Their work included 37 studies. After exposure to iodine-131 for DTC, patients experienced significantly more frequently salivary gland dysfunction, lacrimal gland dysfunction, transient male gonadal dysfunction, transient female gonadal dysfunction and secondary cancers (prevalence: 2.7-8.7%, moderate-level evidence) compared to unexposed patients. Importantly, the prevalence and severity of adverse effects were correlated to increasing cumulative iodine-131 activity. The authors concluded that treatment with iodine-131 for DTC may have significant adverse effects, which seem to be dose dependent and these adverse effects of treatment must be balanced when choosing for iodine-131 therapy in patients with DTC [1] .
Another interesting article is represented by the one by Kim et al. [3] . The main novelty of the paper by Kim et al. is that they stratified their results according to tumor diameter and therefore they could focus their discussion also on thyroid microcarcinomas ( 10 mm or pT1a [11] ). We will use this paper also to illustrate some methodological and statistical considerations that lie behind the interpretation of results affecting the association between second tumors and RIA.
The authors accessed the database of the Surveillance, Epidemiology, and End Results (SEER) program for statistical analysis and found an increased risk of second cancers in all sites in thyroid cancer patients. The authors stressed that the increased risk was observed also for thyroid microcarcinomas ( 10 mm or pT1a [11] ) and concluded that aggressive radiation treatment of the primary thyroid cancer, the environment, and genetic susceptibility may increase the risk of a second cancer [3] . In patients with papillary microcarcinomas RIA is associated neither to an improved prognosis nor to a decreased risk of recurrence [12, 13] .
According to the current guidelines from the European Society of Nuclear Medicine and Molecular Imaging and from the American Thyroid Association there is no indication to radioiodine ablation in papillary microcarcinomas in absence of lymph node or distant metastasis, capsular (pT3). In addition to vascular invasion, history of radiation exposure or unfavorable histology, which includes tall-cell, columnar cell or diffuse sclerosing subtypes, as well as in follicular microcarcinomas [12, 13] .
Kim et al. report the results on the risk of second cancer by tumor size and treatment in Table 3 . Inspection of Table  3 reveals that all considered tumors, with the exception of leukemia and non-Hodgkin lymphomas, are significantly increased in patients treated only surgically, i.e. never exposed to radioactive iodine. Therefore, the generalized increased incidence of second tumors in thyroid cancer patients is more likely due to factors other than radioiodine ablation, including enhanced medical surveillance, shared genetic variability and environment factors [6, 9, 10] .
For most tumors included in the analysis, patients treated with RIA have a risk that is significantly higher in comparison to the normal population but it is very similar or somehow higher in comparison to patients treated only with surgery. Unfortunately, Kim et al. did not calculate the relative risk across the various treatment groups and therefore it is not possible to establish for which tumors RIA is associated with a significant increase of the risk, with the notable exceptions of non-Hodgkin lymphomas and leukemia, which are significantly increased only in patients treated with radioiodine. Induction of hematological malignancies, in particular leukemia, is the most reproducible oncological risk following radioiodine therapy [6, 7, 9, 10] .
Another potential limit of the study is that, contrary to the studies of Sawka et al. [2] and Brown et al. [6] , the authors did not provide independent analysis after exclusion of second tumors that were diagnosed in the first two to three years after the diagnosis of thyroid cancer. Such procedure is performed to exclude tumors that are diagnosed before termination of the latency period of the radiation-induced oncogenesis and to account for the increased medical surveillance. A previous study showed that the standardized incidence ratio of all non-thyroid malignancies decreased from about 10 in the first three months after diagnosis to about 2 after three years. However, the statistical significance was maintained for gastric cancer and for leukemia [6] .
Use of variable iodine activities on the basis of tumor stage is ongoing in Europe since at least ten years. One of the first studies reporting on the use of low-dose radioiodine ablation in low risk papillary thyroid cancer was performed in Italy in 2003 [14] and two large multicentric studies were performed in France and in England almost ten years later [15, 16] . Considering the result of Clement et al. [1] , i.e. that adverse effects seem to be dose dependent, the rationalization of the activity according to the clinical and pathological characteristics of the patient represents the strategy that must be followed in the future by all physicians involved in the treatment of DTC patients.
CONCLUSION
In summary, we have provided a short overview of the literature addressing the issue of the incidence of second tumors in DTC patients in relation to RIA. Because of the biological and media relevance of this topic we expect further publications in the near future that will refine details of the complex topic. Proper statistical procedures, such as collection of sufficient number of articles or of papers including huge numbers of patients, exclusion of tumors diagnosed in the first 2-3 years of follow-up, calculation of a relative risk in comparison to patients treated only with surgery, etc. are needed to avoid biased or inconclusive results. While the issue of second tumors is less important in patients with advanced pathological stage, more attention should be addressed, as in the study by Kim et al. [3] , to patients with early stage of disease where RIA is in many cases disputable.
Giovacchini and Leoncini
While there is convincing evidence that patients with DTC do have a higher risk of several second cancers, the exact role of radioiodine ablation needs to be further defined and other factors, including enhanced medical surveillance, shared genetic variability and environment factors, likely contribute to the observed findings [6, 9, 10] . Primary treatment of low-risk papillary thyroid cancer is subject to controversies [17] and collaboration among experts of different specialties is a critical factor for appropriate management of thyroid cancer patients.
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